Because increasing evidence suggests that renal ischemia resulting from various stress states plays a major role in the etiology of lower nephron nephrosis, the renal hemodynamic effect of continuous infusions of norepinephrine and epinephrine was studied in dogs. The primary response was a decrease in renal blood flow. As the rate of infusion was increased, a progressive decrease in the number of functioning glomeruli followed. Despite 
H EMORRHAGIC or traumatic shock causes a disproportionate decrease between renal blood flow and cardiac output.' This probably represents a protective mechanism for redistribution of blood to more vital areas. Increasing evidence suggests that the renal ischemia thus produced plays a major role in the etiology of lower nephron nephrosis and its attendant renal insufficiency.2, The alterations in renal hemodynamics under these circumstances may be mediated via the sympathetic nervous system directly or indirectly through the release of epinephrine or other vasopressor substances,4 since peripheral vasoconstriction due either to sympathomimetic drugs6-8 or to sympathetic nerve activity2' [9] [10] [11] depresses renal blood flow. Associated with the decrease in renal blood flow there may be a decrease in glomerular filtration rate.' Whether or not this is due to a proportional decrease in filtration in all glomeruli, or due predominantly to a decrease in the number of active nephrons, has not been clearly demonstrated. Some investigators have presented evidence to indicate that all glomeruli are continuously perfused with blood and disclaim the possibility that the number of active nephrons can either be increased or decreased in mammals.'2 Others have found evidence to suggest changing numbers of From the Departments of Medicine and Pharmacology, Baylor University College of Medicine, Houston, Texas. 91 active nephrons.'3-'5 Truetal6 has gone so far as to suggest that under conditions of stress, entire areas of the renal cortex may be shunted out of the circulation due to subcortical or juxtamedullary arteriovenous bypasses. The following report is concerned with an evaluation of the renal hemodynamic effects of epinephrine and norepinephrine. Evidence is presented to indicate that the number of active glomeruli is decreased following the administration of both epinephrine and norepinephrine to dogs, but at the same time there is no evidence to indicate arteriovenous shunting mechanisms. METHODS Two groups of female dogs weighing between 10 and 20 Kg. were studied. One group consisting of nine dogs received a constant infusion of epinephrine (1:100,000 dilution) and seven received an infusion of norepinephrine* (1:100,000 dilution). Four dogs in the first group and three in the second were trained dogs and received no anesthesia. The others were anesthetized with chloralose (100 mg. per Kg.), which seems to have a negligible effect on renal function.'7 A venous catheter was passed through the external jugular vein into the left renal vein with the aid of a fluoroscope so that renal extractions (A-V) of creatinine and paraaminohippurate (PAH) could be determined. Renal plasma flow (RPF) could thus be calculated by the Fick principle (RPF = UV/A -V) using both creatinine and PAH extractions. Glomerular filtration rate (GFR) was determined by the creatinine clearance (GFR = UV/A). Maximum tubular reabsorptive capacity for glucose (Tmg = GFR X A -UV) was determined. Because glucose has been observed to depress paraaminohippurate extraction18 by the renal tubules, control values for glomerular filtration rate (creatinine clearance) and renal plasma flow (paraaminohippurate and creatinine extractions) were established before and after glucose was added to the infusing solution. After the control periods were completed, the infusion of epinephrine or norepinephrine was started. The rate was regulated so that there was a definite and sustained increase in systemic blood pressure of 10 to 20 mm. Hg. At least two periods were then run after which the infusion rate was increased and the process repeated. Studies was seen in eight out of nine dogs which received epinephrine, and four out of seven which received norepinephrine. In the others, the filtration fraction did not change significantly since both glomerular filtration rate and renal plasma flow decreased proportionally, both initially and with the more rapid rate of infusion.
The effects of epinephrine (dogs Epi. 1 to Epi. 9) and norepinephrine (dogs Nor. 1 to Nor. 7) on all renal functions studied are sumbe no difference in response between anesthetized and unanesthetized dogs, or between left (renal vein catheterized) and right (uncatheterized) kidneys (dogs Epi. 8 and 9).
Depression of the glomerular filtration rate was associated with a parallel decrease in urine volume (UV) and except for a few instances, the ratio GFR: UV was quite constant. During the course of increasing the rate of infusion of epinephrine and norepinephrine, maximal tubu- 
DISCUSSION
The observations in these experiments indicate that there is no essential difference in the respoiise of the kidney to epinephrine and its possible precursor, norepinephrine, and that the first and most prominent effect is on the efferent arterioles, thus increasing the renal vascular resistance in this segment. As a result, the renal plasma flow initially decreases in the presence of a maintained glomerular filtration rate, and an increase in the filtration fraction. This has also been noted in man following the administration of epiniephrinie6 7 and phenylephrine (Neosyinephrin) . ' In the present experiments, the maximum tubular reabsorptioin of glucose did not change signiifi(anitly as long as the glomerular filtration rate was maintained despite a decrease in renial blood flow. This indicates no change in the number of tubules actively reabsorbing glucose from the glomerular filtrate.
As the infusion rate is incireased and the vaso-,constrictive effect on the kidney becomes more prominent, the glomerular filtration rate decreases (table 1 and 2) in proportion to the decrease inl renal plasma flow. Ini a few animals this proportionate decrease inl glomerular filtrationi rate and renal plasma flow occurs initially without the primary decrease in renal plasma flow alone and its resultant increase inl filtration fraction. Regardless of whether this proportionate decrease in renal plasma flow and glomerular filtration rate occurs initially or late, when it (loes occur it suggests that the afferent arterioles share in the iiereased Xasoconistrictionl, and that a significant iumber of glomeruli may 1)e eliminated from the renal circulation. This concept is supported most emphatically wheli one notes the relationship between glomeruilar filtration rate and maximum tubular real)sorption of glucose (tables 2 aiid 3 and fig. 1 ). At first the ratio GFR:Tmg decreases slightly and then it remains constant while both the filtration rate and tubular maximum decrease to a parallel degree. One must conelude that a reduction in equal numbers of filtering glomeruli and tubules actively transporting glucose has taken place because the concept of measuring tubular maximum'2 is based on the fact that the blood level of glucose be maintained high enough to insure a concentration in the glomerular filtrate far in excess of the amount that the tubules are able to transport. The difference between the amount of glucose filtered and that lost in the urine represents the amount reabsorbed or transported by the tubules. Despite the fact that the glomerular filtrate might be reduced in some of the nephrons, there would remain adequate glucose to continue to measure maximum reabsorptive ability of these tubules. Under such circumstances, if the glomerular filtration rate is reduced but at the same time all the tubules continue to transport glucose at a maximum rate, then the ratio of filtration rate to tubular maximum must decrease. In the present study, the tubular maximum did not remain constant, as noted above, but rather the glomerular filtrationi rate and tubular maximum decreased together and their ratio iemained constant, indicating a decrease in the number of active niephronis. The of normal or below was the paraaminohippurate extraction affected consistently. Then it decreased. This may be due to the increasing importance of extraparenchymal blood flow, or may represent back diffusion of paraaminohippurate due to the low urine output.
Although more marked, the changes noted in the present studies are essentially similar to changes noted following sciatic nerve stimulation.11 11 In these latter experiments no attempt was made to determine whether the decrease in renal function associated with sciatic nerve stimulation was due to a neurogenic reflex vasoconstriction or due to the liberation of a circulating vasoconstrictive agent such as epinephrine. It may have been either or both. Certainly one might expect the liberation of epinephrine from the adrenal medulla following sensory nerve stimulation. Although the present study clearly demonstrates decreasing numbers of active glomeruli, dye injection studies9 suggest that this is not limited to anatomic areas, but rather that the glomeruli have a graded threshold of response to vasoconstrictive substances. The peripheral cortical glomeruli seem to have a lower threshold and may show a decrease in blood flow before the deeper ones do, but this does not indicate any shunting mechanisms. It only means that the deeper glomeruli are left to carry on whatever renal function remains. CONCLUSIONS 1. Epinephrine and norepinephrine, when administered by continuous infusion, caused a marked reduction in renal blood flow, renal plasma flow (RPF), glomerular filtration rate (GFR), and maximum tubular transport of glucose (Tmg). There was no essential difference in the response to the two drugs.
2. In the majority of instances the renal plasma flow decreased and the filtration fraction increased before changes in other renal functions became evident, apparently due to efferent arteriolar vasoconstriction. As the in-fusion rate was increased, there followed a proportional decrease in renal plasma flow, glomerular filtration rate, and maximum tubular absorption of glucose. The GFR: Tmg ratio remained constant in the face of a decrease in the absolute values of both filtration rate and tubular maximum. These changes in renal hemodynamics are probably due to a decrease in the number of active nephrons.
3. Under the conditions of the experiment and similar conditions of stress, there seems to be sufficient evidence to conclude that active nephrons in large numbers can be completely occluded from the renal circulation in dogs and that this response can be prevented by adrenergic blockade. However, there is not sufficient evidence to conclude that the sympathetic nervous system regulates the renal circulation under normal conditions or that glomeruli "wink in and out of the renal circulation" as noted by Richards and Schmidt in amphibians. 4 . There is no evidence from this study to support the hypothesis that epinephrine or norepinephrine activate renal vascular shunts in dogs.
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